ABSTRACT We have investigated possible mechanisms of response to airway cooling by studying the effects of sodium cromoglycate and ipratropium bromide on the changes in airways resistance that followed eucapnic hyperventilation with subfreezing air in a group of 12 patients with mild asthma and 10 normal subjects. We have also studied the period of refractoriness to repeated challenge. Maximum bronchoconstriction was not reduced after the second challenge, but in the asthmatics the one-second forced expiratory volume recovered more rapidly after the second challenge. The response in normal subjects was completely abolished by ipratropium bromide (p < 0.0005) whereas sodium cromoglycate was without effect. In the asthmatics both ipratropium and cromoglycate were effective in attenuating the response (p < 0-005). These results suggest that in normal subjects the response to airway cooling is produced predominantly via neural mechanisms, whereas in asthmatics there is an additional mechanism which can be abolished by sodium cromoglycate.
Eucapnic hyperventilation with dry air at subfreezing temperatures has been shown to be a potent stimulus to bronchoconstriction in asthma.' If the stimulus is increased by increasing the level of ventilation then sensitive tests of airway function show that normal individuals will also respond.2 Direct measurements have shown that cooling of the distal airways does occur during hyperventilation with room air and to a greater extent with subfreezing air, 3 and it has been suggested that such airway cooling is the stimulus to the bronchconstriction that occurs with exercise in asthmatics. 4 Although exercise has long been recognised as a potent trigger of asthma, the mechanism by which wheezing is induced remains unclear. The presence of a refractory period, during which the bronchial response to a repeated exercise challenge is diminished, has been clearly demonstrated56 and has led to the suggestion that the release of a preformed stored mediator plays a part. 6 Recently the appearance in the blood of a neutrophil chemotactic factor has been shown to follow the induction of asthma by exercise7 and this factor appears identical to that released after antigen challenge.8 Using cold air as a stimulus, however, other workers have been unable to demonstrate the release of neutrophil chemotactic activity.9 Studies of the effects of sodium cromoglycate and parasympatholytic agents have also shown variable results'°1 1 and have led to suggestions that the mechanism of induction of asthma by exercise may differ between individuals.
In the current study we have investigated possible mechanisms of bronchoconstriction after cold air challenge in asthmatic and normal subjects by looking for a period during which they were refractory to the effects of the challenge, and also by studying the effects of sodium cromoglycate and ipratropium bromide on the response. The observer making the recordings and administering the challenge was unaware of the treatment given. Fifteen minutes later FEV, and sGaw were again determined and the cold air challenge was given. Measurements were repeated at 5, 10, and 20 minutes after the end of the challenge. Cold air was administered for three minutes in all cases. Normal subjects were required to breathe at 80% of their maximal breathing capacity, calculated as 30 x FEV, per minute,"2 and asthmatic subjects who had been shown to be more sensitive to the stimulus'3 breathed at half this rate. With these levels of ventilation our apparatus generates temperatures of inspired air of -22°C to -25°C for asthmatic subjects and -1 8°C to -20°C at the higher flow rates of normal subjects. To study the period of refractoriness to cold air, FEV, and sGaw were determined 40 minutes after the untreated challenge and, provided that these had returned to prechallenge levels, a second challenge was administered and measurements were continued for a further 20 minutes.
Methods
Any residual bronchospasm persisting at the end Heaton, Henderson, Gray, Costello of each session was alleviated by inhaled salbutamol.
Results were anslysed statistically using Student's t test for paired data.
Results
In normal subjects challenge with cold air at these levels of ventilation produced falls in FEV, of 6-10% and in sGaw of 30%. The lowest falls were recorded at 5 and 10 minutes and the response had completely abated by 20 minutes (fig 2a) . Despite the lower levels of ventilation during the challenge, the asthmatic subjects showed larger responses, with mean falls of 20% in FEV, and 50% in sGaw (fig 2) . Recovery was less complete at 20 minutes, but by 40 minutes nine of the 12 subjects had returned to prechallenge levels and were able to undergo a repeat challenge. 
Discussion
Although airway cooling is established as the stimulus to bronchoconstriction in exercise-induced asthma, cooling the airways by eucapnic hyperventilation without exercise does not reproduce all aspects of the response. In the current study we have shown that neither in our normal subjects nor in those with mild asthma was there a period when they were refractory to cold air challenge in terms of the maximum response to the challenge, even though this was repeated at a time when most asth-°h 509 510 matics would show a diminished response to repeated exercise chailenges. The asthmatics did, how ever, show a less prolonged FEVy response to the second challenge, although the time course of the sGaw response was identical, suggesting that the larger airways were reacting to the stimulus without modification. These results may suggest that the release of preformed mediators has a more important role in exercise-induced asthma than in that produced by eucapnic hyperventilation. This is supported by the findings that histamine'4 and neutrophil chemotactic factor7 rise in the venous blood of asthmatics after exercise challenge, but not after bronchoconstriction induced by hyperventilation alone.9 1 ' Stearns et al were also unable to demonstrate period of refractoriness in the response to eucapnic hyperventilation in asthmatics who showed a clear period of refractoriness to asthma induced by exercise that produced the same respiratory heat loss, and they suggested that the rise in circulating catecholamines induced by the exercise protected the airways against the repeated challenge.'5 It has been shown recently, '6 however, that circulating catecholamines have returned to baseline levels 30 minutes after exercise, at a time when the subjects would still be refractory to further challenge. BenDov et al have recently published evidence to suggest that the refractoriness is related to the exercise itself rather than to airway cooling. '7 Absence of a period of refractoriness to cold air challenge is consistent with a neural reflex mechanism of bronchoconstriction, and this is supported by the findings of an inhibitory effect with ipratropium bromide. The dose used in this study is not sufficient completely to abolish vagal tone,'8 although it does increase sGaw in both normal and asthmatic subjects 10 minutes after inhalation. The findings of Barber et a1'9 and our own unpublished observations indicate that there is no further bronchodilatation during the period of these experiments, and thus the protection afforded by ipratropium bromide would appear to be due to blockade of neurally mediated bronchoconstriction, rather than an artefact of increasing bronchodilatation. The smaller responses after ipratropium bromide may reflect the bronchodilatation induced by the ipratropium rather than a specific anticholinergic effect; there was, however, no correlation between the degree of bronchodilatation produced by the ipratropium and the degree of protection afforded. The less complete protection seen in asthmatics may be a reflection of the low dose of ipratropium used and the relatively larger stimulus given to the more sensitive asthmatic airways. Rossing et al have shown that the protection given by 8-sympathomimetic agents can be overcome if the degree of respiratory heat loss is Heaton, Henderson, Gray, Costello increased. 20 Additional mechanisms may be operating in asthmatics that are not part of the response of normal subjects. It has been suggested that the size of the response to cold air is a reflection only of bronchial reactivity and that normal subjects differ quantitatively but not qualitatively from asthmatics.2' This is not supported by our finding that sodium cromoglycate exerts a protective effect in asthmatics but not in normal subjects, which suggests that the larger response shown by the asthmatics may be due in part to the operation of an additional mechanism which can be blocked by this drug. In studies of exercise-induced asthma sodium cromoglycate has generally been found to be superior to ipratropium bromide in preventing bronchoconstriction,'101 whereas in this study there was no significant difference between their effects in asthmatic subjects. As serum levels of mediators rise after exercise-induced asthma, it is perhaps not surprising that cromoglycate is less effective in blocking the response to hyperventilation. Local release of mediators, on a scale too small to affect serum levels, may occur in the asthmatic subjects and contribute to the more intense bronchoconstriction seen in this group.
